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Attached is a report by E. G. Williams entitled "A Field and 
Laboratory Examination of Weathering Effects on Petroleum and Blended 
Petroleum~Natural Asphalts in Paving Mixtures". The original draft 
of the report was prepared several months ago, and it covers a study 
that has extended over a period of more than 5 years. Some of the 
original objectives of the project may be of no particular importance at 
present, but at the time the work was initiated it was intended to show 
whe~her there were significant differences in the weathering characteris-
tics of the so-called NAG blends and PAC binders when applied to hot 
mix asphaltic concrete. 
Extensive sampling was carried out at the time of resurfacing 
on parts of US 25 and 42 between Florence and Covington, Initi<il tests 
were made on molded samples and recovered asphalts; artificial 
weathering was applied to samples in the laboratory; prepared sample.s 
were exposed on the roof of the laboratory and a part of them tested 
at various times during the five year period; and the pavement itself 
was co.red and the samples tested. 
Numerous comparisons are made in the plotted data within the 
report, and the essence of all phases of the project and its results is 
given in the Summary beginning on page 29. In brief, the results in-
dicated no significant differences among the asphalts as they were 
studied in this project, and on the basis of the findings approximately 
equal service life would be predicted for pavements containing these 
particular materials. 
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INTRODUCTION 
The relative merits of various asphalts and asphaltic materials 
have been the subject of considerable controversy almost £rom the 
beginning of flexible pavement construction in this country. In this 
early period petroleum asphalt had not yet entered the picture and 
controversy centered about naturally occurring products such as· 
Trinidad natural asphalt and impregnated stones. In 1876 Congress 
directed that comparative service tests be made on a rock asphalt* 
and a sheet asphalt containing Trinidad natural asphalt. The sheet 
asphalt was considered the more successful of these and thus Trinidad 
natural asphalt became firmly established as a paving material in this 
country. Its position remained unchallenged until a rapidly enlarging 
oil industry made available cheaper asphalt. Since then con~>iderable 
effort has gone into both laboratory studies and comparative field 
installations to examine the relative merits of the two materials. 
These studies have p:r:oduced interesting but not conclusive results 
and the trend has consta'htly been toward the cheaper and more readily 
available petroleum asphalts. 
Both materials have been and are being used in Kentucky but 
no comparative work had been attempted prior to 1951, In that year 
the Department of Highways decided to use several adjoining resurfac~ 
ing projects on U • .S. 25-U.S. 42 (see Fig. l}, as a test installation 
*Val de Travers Rock Asphalt imported from Switzerland - an impreg-
nated limestone. 
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to examine the comparative service behavior of blended petroleum-
natural asphalt and petroleum asphalt. This road, in the vicinity of 
Covington, was a heavily traveled (Av. 24-hr. traffic count: 24, 000) 
four-lane highway representing one of the more severe traffic condi-
tions in the state. The Division of Research was requested to observe 
and report on this construction and the subsequent performance of the 
pavement as well as to conduct such laboratory work as necess-ary to 
evaluate the materials involved. 
Prior to the Research Laboratory's entry into the problem, the 
essential details of aggregate selection and mixture design had been 
d.etermined. Aggregate selected was a crushed gravel and river sand, 
conforming to Kentucky Department of Highways Standard Specifications 
for use in bituminous mixtures, A Class I, Type :S grading was selected, 
Both aggregate and mixture type represented normal bituminous surface 
construction in the area. Asphalts selected were NAC-4 (Pen. 60-70), 
PAC-4 (Pen, 60-70), and PAC-5 (Pen. 85-100). The two petroleum 
asphalts were selected for two reasons: First, becaus·e of their similarity 
to NAC-4 -- PAC-4 representing a similar original penetration and 
PAC-5 representing a consistency similar to the NAC-4 with filfer re-
moved-- and second, because both grades are commonly employed in 
this type of construction. 
Mixture design, as to asphalt content, was also detel:'tnined by 
selecting quantities of the given asphalt usual to this type of construc-
tion. As ·a result, 6. 75 and 7. 0 percent were selected for us'e in NAC-4 
mixes and 5. 5 percent for use in both petroleum asphalt mixtures. 
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Design tests were not used for this selection. They were not, in 
fact, run until after the pavement was constructed , and then primarily 
to determine optimum requirements for comparison with actual quan-
tities used. Thickness of the resurfacing was in all cases, exclusive 
of leveling courses, 1. 5 in. , which again is considered normal for 
this type of construction. 
The laboratory study was conducted entirely on materiats 
obtained during construction. All mixture specimens were compacted 
on the job and transported to the laboratory for later testing. The only 
exception to this practice were specimens prepared in the laboratory 
for mixture design. Samples of the mixture and the asphalt contained 
in the mixture were both obtained from each test load. The exact 
positions of these loads on the roadway were recorded, together· with 
aU data that pertained to its future performance,· 
Variable.s to be studied were as follows: 
l. Comparative service performance of pavements containing 
NAC"4, PAC-4 and PAC-5. 
2. Change in test properties of the paving ·mbrtures and of the 
three asphalts with respect to time. 
3. Effect of elevated mixing temperatures on the three asphalts; 
both with respect to immediate and long range effects, 
4. Effect of accelerated laboratory weathering in oxygen and 
artificial sunlight on the three asphalts and possible correlation of 
laboratory and field results pertaining to asphalt aging. 
5. Effect on the asphalts o£ curing with normal exposure with-
out traffic, as compared to accelerated laboratory curing and normal 
curing on the road, and possible correlation of the three methods. 
FIELD OPERATIONS 
Five construction projects were involved in the entire section 
selected for observation; S.P. 8-l010-6SA, S.P, 8-1010-lZSA, S.P. 
59-4015-9SG, S.P. 59-l5-9SB, and S.P. 59-7017·95A. Only the last 
three of these were sampled and tested. Location of paveme1;1tcon-
taining each of the three asphalts is noted on the accompanying strip 
map, see Fig. 2. 
The base under the entire section consisted of a :rather badly 
damaged portland cement concrete pavement. Leveling was required 
_prior to resurfacing and this operation was accomplished by machine 
patching as required, using the surface ·mixture containing 7. 0 percent 
NAG-4. When actual resurfacing work started the base was reasonably 
level and uniform; however, reflection cracking appeared almost a 
certainty. 
Mixtures 
A single gradation of aggregate (crushed gravel and river sand) 
was used throughout the project. Fig. 3 graphically shows the average 
grading of all sample loads fr-om which specimens were obtained, the 
design grading, and specification limits. Variations in grading during 
construction of test sections were slight and would not be expected to 
have any significant effect on performance of the pavement. 
Variation in asphalt contents did occur in each of the three test 
sections. Many of these appear to be great enough to produce signifi-
cantly different results; however, the point of major concern was the 
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fact that asphalt contents (as determined by extraction tests) were 
generally low. Since asphalt contents were checked frequently by ex-
traction tests on the job, the discrepancy must have been initially 
slight. The low values determined later may partially have resulted 
from irrecoverable absorption of asphalt by the aggregate. This is, 
of course, suggested by the high water absorption (l. 9lo/o) determined 
for coarse aggregate. In any case, measured asphalt contents of all 
specimens tested averaged almost one percent lower than the design 
asphalt c. ontent. 
As already stated, asphalt content for the mixtures was varied -
6.75 and 7. 0 percent for mixtures containing NAC-4 and 5. 5 percent 
faT those prepared with PAC -4 and PAC- 5. It should be noted that the 
difference in design asphalt contents makes a valid comparison of 
asphalt performance almost impossible. Aggregate grading, type and, 
consequently, surface area were uniform; therefore the variation in 
asphalt content is a direct expression of variation in thickness of the 
asphalt film. Thus, at design asphalt contents, the film thickness 
on mixtures containing PAG-4 and PAC··5 was only 81.5 percent of 
that coating mixture containing 6. 75 percent NAG -4 and 78. 6 percent 
of that coating :mixture, containing 7. 0 percent NAG·4. The discre-
pancy is even greater at measured asphalt contents. It must fu.rther 
be considered that the rather high absorption of this aggregate probably 
caused an even more severe condition by selectively removing a higher 
percentage of oil from asphalt. in the thinner films. This absorption 
almost undoubtedly induced more rapid hardening of the petroLeum 
asphalts than would have occurred if they had been exposed in a thicker 
film. 
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Marshall Stability Test specimens were compacted on the job 
immediately after the composite sample was blended and while tem• 
perature of the mixture was between 235 oF and 250 "F. Large concrete 
footings at each plant site were selected as the base for the compac~ 
tion pedestaL These prevented variation in density of specimens 
prepared at the two plants, thus removing any necessity for separate 
consideration of these groups of samples. A compactive effort of 25 
blows with a tO~pound hammer-- 2-in. diameter f(Jiot --plus a 7000-
pound static load was employed on all specimens. Four specimens 
were prepared from each test load. All were returned to the Research 
Laboratory for future testing. 
The location in the pavement of all test loads was cal'efully 
recorded together with other pertinent data. These consisted primarily 
of mixing, spreading, and compacting temperatures, plus comments 
on any condition or factar which might influence pavement performance. 
LABORATORY INVESTIGATIONS 
The laboratory investigations consisted of measurement of ag-
gregate, asphalt and mixture properties and the changes in these pro-
perties with respect to exposure. The entire period of study has ex-
tended over a period of five years. Initial study consisted of measurement' 
of initial properties of aggregate, asphalt, and mixtures, together with 
design requirements. This phase also included determining the effects 
of accelerated laboratory exposure, in oxygen and artificial sunlight, on 
the mixture. Additional laboratory study dealt with the changes in asphalt 
and mixture properties with respect to time when exposed to natural 
weathering conditions. This latter group of data was obtained from two 
sources; cored specimens weathered on the roadway, and Marshall 
Stability Test specimens exposed on the laboratory roo£. 
Materials 
Aggregat~. Only those tests necessary for either design or 
control were performed. The coarse aggregate, as already noted, was 
a crushed gravel having a specific gravity of Z. 61 ai!-d water absorption 
of l. 91 percent. Fine aggregate was a non~absorptive sand, predomi-
nately quartz but containing a rather high percentage of heavier ma-
terial. Its specific gravity was 2. 71. 
_Asp~lt. Asphalts from each of the test loads were sampled 
and tested. Test data consisting of penetration; ductility, and ring 
and ball softening point are summarized in Table l. 
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It is interesting to note that the average penetration value of all 
three grades of asphalt averaged lower (harder asphalt) than the mini-
mum permitted for that grade, NAC-4 samples h.ad an average pene-
tration of 57 and only 5 of 32. were above the lower specification limit 
(60 pen.). PAC-4 had an average penetration of 55 with only 2. of 19 
exceeding the minimum limit of 60. In no case did the PAC-5 samples 
reach the minimum grade requirement of 85 pen. and these 15 samples 
averaged 75 pen. Test results reported in Table l for NAC-4 were run 
with the natural filler included in the sample. Average filler content 
was approximately 8 percent and varied from 6. 50 to 9. 42. percent. 
Tests were also run with filler removed and these averaged 74 pen. 
Ductility has only a minimum specification requirement and all 
samples were well above this limit. They were not, however, uniform 
in this respect. PAC-5 possessed the highest initial ductility and 
produced the most consistent results. PAC-4 ranked second both in 
magnitude and consistency of results, and NAC-4 had the lowest values 
and the greatest variation. 
Softening points of NAC-4 and PAC-4 were almost identical and 
reasonably consistent. PAC-5 had a four degree tower softening point 
and was equally consistent. 
The values in Table 1 form the basis for all future evaluation 
of changes occurring in the asphalt due to exposure. It was considered 
more desirable to use, whenever possible, the initial values for each 
sample load rather than the average since this would permit the actual 
change applying to a particular test load to be evaluated. All exposed 
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asphalt had to be recovered from mixture specimens, consequently 
the recovered asphalt contained no fitter, This did not present any 
problem with petroleum asphalts (PAC-4 and 5) but did with NAC-4, 
since the tabulated values are those with filler included, As a result 
it was necessary to evaluate changes in this grade with respect to both 
the values of Table 1 and to the average penetration value obtained with 
filler removed, Ductility and softening point are tensile tests and 
therefore are affected by the presence of filler to a much lesser degree, 
permitting the use of tabulated values in evaluation of changes. 
Mixture Design 
Since aggregate, gradation and asphalt types were designated 
for this project, mixture design was reduced to simply determining 
optimum asphalt requirements for each asphalt type, The compactive 
effort (25 blows plus a 7000-lb, static load) employed in preparation 
of field specimens was of course used in this work, Table 2 summarizes 
design data for each asphalt type and grade. Figs, 4, 5 and 6 are 
graphical presentations of data from which optimum test properties 
were selected for mixtures containing NAC-4, PAC-4 and PAC-5 
respectively, The optimum values are, for convenience, tabulated 
below: 
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Weighed 
Asphalt Type NAC-4 PAC-4 PAC~5 'Com. 
-
Flow- 1 14 13 11 13 
100 
Compacted Agg. 20.5 2l. 0 20.8 20.6 
Compacted Mix. 5.8 7.5 7.4 7.0 
Filled Asphalt 70.0 64.0 64.0 65.0 
The similarity of these data is obvious, with the only particular 
variation occurring when NAC-4 was employed. With this asphalt a 
slightly higher asphalt requirement is noted, but this has not been cor• 
rected for filler content. With the correction applied the actual optimum 
asphalt content reduces to between 5. 8 and 5. 9 percent, which is virtually 
identical to the optimum values for PAC-4 and PAC-5 {5. 9 percent). 
The mixture containing NAC-4 has a slightly higher density as reflected 
by increased unit weight, lower percent voids in compacted aggregate 
and mixture, and higher percentage voids filled with asphalt. These 
differences are largely if not entirely accounted for by the approximately 
8 percent filler content o£ the NAC-4. To facilitate comparison Fig. 7 
presents all three mixtures graphically and in addition a curve represent-
ing a weighed composite of all design data. This latter curve shows an 
optimum asphalt content of 5. 9 percent,\ rather firmly establishing this 
value as satisfactory for all three of the experimental sections. Note 
one additional thing in Fig, 7; the flow curves are all very Hat, indicat~ 
ing the aggregate blend is rather insensitive of asphalt content. Thus 
a mixture containing an asphalt content much higher than optimum would 
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not display a tendency to move under traffic {plasticity) and might 
even - because of loss of stability above optimum - display a tendency 
toward embrittlement. Plastic characteristics should not be initially 
evident at less than 7, 5 percent; however, due to densification of 
aggregate st:r>ucture under traffic,delayed plastic tendencies might 
develop at approximately seven percent. In any case no beneficial 
results can be gained by addition of more than 5, 9 percent actual asphalt 
to this mixture, 
These data establish that the actual asphalt contents employed 
were 0, 4 percent too low for the petroleum asphalts and 0, 85 or 0, 95 
percent too high for blended petroleum-natural asphalt, The primary 
effect of these discrepancies on the mixtures involved would be the 
introduction of variable film thickness as previously noted, 
Accelerated Laboratory Weathering 
In an effort to examine more rapidly the changes in both asphalt 
and mixture properties, specimens were exposed to artificially accele-
rated weathering in the laboratory. Materials used in these tests were 
Marshall Stability Test specimens p:r>epared on the job from the various 
test loads. All mixtures were included in this series; both those 
mixed within the normal temperature range and those prepared at ele-
vated temperatures. 
The accelerated artificial weathering cycle consisted of 16 
hours in an atmosphere of pure oxygen at a temperature of 140 'F plus 
10-1/2 hours in a Weatherometer, The first position of the cycle was 
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accomplished by sealing the specimen in a steam heated ca
binet and 
forcing put the normal atmosphere with oxyg!'n under a pre
ssure of 
15 psi. B.oth temperature and p.wessure were maintained at 
constant 
by automatic regulators. Exposure in the Weatherometer 
followed 
oxygen exposure. This was a standal!"d Weatherometer equ
ipped with 
special trays, suppLying a constant source of artificial sun
light 
(from carbon arcs) and combining alternate wetting and drying period.s 
to increase the severity of the exposure. 
Periods of exposure were 0, .2, 5, 10 and 25 cycles. The 
first, of course, served as control and formed the basis fo
r evalua~ 
tion of weathering !'ffects on mixtures and asphalts. Mixtu
res prepared 
·at elevated temperatures were tested only in the original s
tate (0 cycles) 
and at completion of the entire series (25 cycles). Normally prepared 
mixtures were tested after each period of exposure, 
Effect on Stabili,!y. Each specimen was tested for stability
, 
flow, and other Marshall Stability Test values. The data.a
re summa~ 
rized in Table 4. It will be observed that asphalt content d
etermined 
by extraction not only varies considerably fro:m the design
 value, but 
also lacks consistency. Ave rage values of specimens con
taining the 
same· asphalt and having the same exposure were used in th
e ·analysis 
in an attempt to reduce errors resulting from these variati
ons. In 
Fig,. 8 these average values for the Marshall Stability Num
ber are 
plotted ·against cycles of accelerated weathering. The soli
d curves in 
this graph present data on specimens heated in a normal m
anner. 
Dashed lines represent data derived from those mixtures p
repared at 
elevated temperatures. These latter have only two points
- at.O and 25 
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cycles - and thus are not valid curves. They have been sketched 
roughly parallel to the normal temperature curves as a guide to the 
reader. It is, however, assumed that the actual values at intermediate 
points would have borne a similar relationship. 
Inspection of normal temperature curves reveals considerable 
similarity in slope between NAC-4 and PAC-5 after approximately 5 
cycles. With lesser exposure the NAC-4 curve has a steeper slope, 
showing greater sensitivity to this type weathering than PAC-5. PAC-4 
increases in stability very rapidly for 10 cycles and shows little change 
past this point. The relationship of the three curves shows PAC-4 to 
be most rapidly affected by this type exposure, but only slightly 
affected after reaching a certain point. Nonetheless, within the limits 
of these tests, mixtures containing PAC-4 shows the greatest gain in 
stability. NAC-4 shows a rather rapid increase - less than PAC-4 
and more than PAC-5 - in stability, and continues to increase at a 
less rapid rate to the conclusion of exposure. PAC-5 shows a rather 
uniform rate of increase in stability with exposure and in the latter 
stages of the test {10 and 25 cycles) parallels the NAC-4 curve. Data 
on specimens containing PAC-5 were erratic and are the least convincing. 
At and prior to five cycles and less, stabilities rank in the decending 
order, NAC-4, PAC-4 and PAC-5. The lower initial stability values 
for petroleum asphalts are partially caused by deficiencies in asphalt 
content, which undoubtedly had the secondary effect of inducing more 
rapid increases in stability than would otherwise have occurred. 
, NAC-4 and PAC-4 mixtures heated above normal temperatures 
displayed considerable increases in initial stability, with NAC-4 showing 
- 16 -
twice as tar ge a change. A loss in stability for overheated PAC- 5 is 
recorded but this value is believed to be in error. Unfortunately, 
additional specimens were not available to permit re-evaluation of 
this point. Neither PAG-4 nor PAG-5 showed any essential change in 
the normal and high heat specimens at Z5 cycles, while overheated 
NAC-4 still showed a considerable increase in stability over that of 
the normally heated mixture. This appears to indicate that the effect 
of overheating PAG-4 was approximately the equivalent of one weather• 
ing cycle and that the same treatment with NAG-4 approximated the 
effect of five cycles, It is further indicated that mixtures containing 
petroleum asphalt were affected initially only, while the effect on 
ble.nded petroleum-natural asphalt was progressive. 
Flow values of mixtures containing each asphalt are somewhat 
erratic but do display one significant point. At Z5 cycles of weathering 
all three asphalts show definite increases in flow values. This pro-
bably reflects the better lubricating properties of harder asphalts. All 
three show approximately the same percentage of increase, indicating 
very similar changes in the asphalts involved. The much higher values 
of NAG-4 mixtures probably reflect higher asphalt content in addition 
to an increased lubricating effect .. It should be noted, however, that 
laboratory design tests indicate the same lubricating influence although 
to a lesser degree. In those tests aggregate grading and density were 
virtually the same for all mixtures and from the data it can be safely 
assumed that mixtures containing PAG-5 would have the lowest flow 
values and those prepared with NAG-4 the highest. It then follows that 
- l 7 -
PAC~5 mixtures have the highest internal friction and NAC,,,4 mix-
tures the least. Thus, cohesion must be greatest in the NAC~4 mix-
tures since stabilities are essentially equal. ,At equal asphalt contents 
this condition would not necessarily exist. 
Effect on Asphalt Pro:eerties. Immediately after the completion 
of stability testing, extraction tests were made to separate aggregate 
and asphalt. Aggregate was re-sieved to check uniformity of grading 
and asphalt was recovered for testing to determine changes in its 
properties. In all cases aggregate grading was found to have changed 
little or none and thus had no significant effect. Asphalts showed pro-
gressive changes with exposure. 
All data pertaining to asphalt properties are summarized in 
Table 5. Properties studied are those examined in the original asphalts: 
penetration, ring and ball softening point, and ductility. 
( l) Penel!~_!,ion. Fig. 9 presents graphically the data pertain~ 
ing to penetration with respect to cycles of exposure. Curves for each 
of the asphalts are plotted and points for each, showing the effect of 
overheating during mixing, are included. These latter data were 
available at only two exposures - 0 and 25 cycles. Only NAC,,4 dis~ 
played an appreciable change from overheating and this only at the 
initial measurement (0 cycle). At 25 cycles no significant differences 
were pr!'sent for any asphalt. The original penetration included in this 
graph is the average value of the particular grade as deterinined from 
material samples from the asphalt weigh bucket. In the case of NAC,,4 the 
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original is shown both in terms of filler included and filler removed. 
The latter is, of course, the valid value for comparisons since all other 
samples (0, 2, 5, etc. cycles)were obtained by extraction and recovery. 
In all cases the most rapid change in penetration occurred during 
mixing. PAC-4 was least and NAC-4 the most affected during this 
period, Response to weathering in the compacted state showed NAC-4 
and PAC-4 to be similar, with the former slightly more sensitive, 
Originally the asphalt components of NAC-4 and PAC~5 possessed al-
most identical penetration, but the former hardened far more rapidly 
and after 25 cycles had a penetration of 21, as compared to 37 for the 
latter. In summary it may be said that the asphalt component of 
NAC-4 was more sensitive to weathering with respect to toss in pene-
tration than were either of the petroleum asphalts. 
(2) Ring and Ball Softening Point. Fig. 10 presents graphically 
data pertaining to change in softening point with respect to artificial 
weathering. 
Again data related to heating mixtures excessively are included 
for 0 to 25 cycles. As in the case of penetration, only NAC-4 displayed 
an appreciable change in value due to overheating and then only at 0 
cycles. All values at 25 cycles were affected slightly or not at all. 
Initially, softening points of the three asphalts varied but 
slightly. During mixing, however, the effects on all asphalts were 
appreciable. Petroleum asphalts displayed the greatest and approxi-
mate!~ equal increases while NAC-4 showed a slightly smaller increas•r· 
PAC-4 and PAC-5 increased 35• and 37"F respectively, and NAC-4 
increased 30 °F for exposures of 25 cycles. 
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( 3) Ductility. Ductility test result<>, pre sen ted graphically 
in Fig. ll, were erratic and thus the data are not very convincing. The 
general relationships of the asphalts with respect to this test are, how-
ever, apparent. Points pertaining to excessive heating during mixing 
are again included. Only NAC~4 showed appreciable effect at 0 cycles 
and none displayed any effect at 25 cycles. 
Both petroleum asphalts had much higher initial ductilities, with 
PAC-5 being much the greatest of the three. During mixing, PAC-4 and 
PAC-5 suffered very large losses in ductility, while that of NAC-4 
appeared to increase. This increase cannot be logically accepted as 
fact, but the difference between NAC-4 and petroleum asphalts at 0 
cycles is nonetheless very large. Petroleum asphalts displayed tre~ 
mendous losses in this property initially, and at 5 cycles PAC-4 and 
PAC-5 had dropped to approximately 7 and 12 respectively; while for 
the same exposure NAC-4 had a value of approximately 60. After 5 
cycles NAC-4 suffered a comparatively large loss untH it reached 24 
at 25 cycles. PAC-4 and PAC-5 respectively had values of 5 and 7 
after the same exposure. 
The significance of these differences is and has been highly 
controversial because the minimum or, even, the desirable ductility 
requirement of a paving asphalt has never been established. In any 
event, it must be noted that the retention of ductility by the NAC-4 
tested was far superior to that of the petroleum asphalts. 
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Natural Weathering 
Two methods of natural weathering were employed in this study, 
The first represented the changes which occurred in the asphalts when 
exposed in the test pavement under normal traffic conditione. Test 
specimens were obtained by coring the pavement at locations where 
test loads had been placed. Cores were in all cases cut from the out-
side wheel track. The second method of natural exposure consisted of 
placing Marshall Stability Test specimens - prepared on the job from 
teet loads - on the laboratory roof and exposing them to natural weather-
ing. This method differed from the first in two respects. The roof 
specimens were not exposed to traffic action and were surrounded only 
by loose crushed stone rather than by additional mixture as were cored 
specimens. Specimens exposed by these two methods permitted direct 
comparison of the effects of natural weathering under the stated con-
ditions as well as providing comparison between the effects of natural 
and artificial weathering. 
Tests on naturally weathered specimens of compacted mixtures 
were made at 0, 0.45, 2, 3 and 5 years, and their asphalt components 
at 0, 1, and 5 years. These data are contained in Tables 6, 7 and 8, 
Table 6 summarizes test data pertaining to Marshall Stability test 
values of cored specimens from the roadway and Table 7 to those ex-
posed on the laboratory roof. Table 8 contains data pertaining to asphalt 
recovered from test specimens at the stated time intervals and includes 
specimens weathered by each method. 
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Effect on Stability. Data from cored specimens are. rather 
erratic and incomplete, see Table 6. They fail to display any rela-
tion13hip between time and measured values. Stability Numbers .are 
inconsistent and universally low as compared either to design values 
or to those resulting from other exposures. Flow values appear to 
decrease with time, sugg<e sting some embrittlement tendencies; but 
this too is inconclusive. Some of the inconsistency may result from 
the relationship of specimen location to wheel track, but this would 
not seem sufficient to cause the observed variations. A primary cause 
would appear to be the imperfection of test specimen cut from thin 
pavement. No trimming could be done and thus the specimen lacked 
uniformity. 
Marshall Stability Test data from ro<llf samples are more con-
sistent than those from cores, see Table 7. Flow value.s from these 
specimens are approximately the same as from those exposed on the 
roadway. Stability values are, however, two to three times as great. 
This sugg<ests very similar aggregate structures but widely variant 
asphalts. It can then be assumed that traffic has materially affected 
asphalt in the pavement. Fig. 12 .presents graphically the changes in 
stability with respect to time for each of the three asphalts. Specimens 
containing PAC··4 show both the highest values and the most rapid in-
crease with respect to time. NAC-4and PAC-5 curves are less 
clearly defined, but appear to be essentially parallel, with NAC-4 
mixtures having the greater stability at each time interval. Flow values 
for PAC-4 and PAC-5 mixtures are lower than those of mixtures con~ 
taining NAC-4, primarily because of the lower asphalt content, and 
consequently these are harsher mixtures than the former. 
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Effect on Asphalt Properties, Asphalts from both cor"ed and roof 
specimens were recovered and tested at 1 and 5 years, Data were 
available both from the original asphalt (weight bucket) and from the 
average values for each type of asphalt, recovered immediately after 
mixing with aggregate, This permits examination of asphalt properties 
at only four time intervals but provides at least a reasonable indication 
of the rate of change in properties when subjected to natural weathering 
and with or without the influence of traffic. 
The same series of tests previously employed were made on 
these materials. Table 8 summarizes and groups these test data 
according to asphalt identity and manner of heating the mixture - either 
normal or overheated" Asphalt from each test load was not recovered 
immediately after mixing and thus the zero time interval represents 
an average of all those asphalts of each given type that were recovered 
and tested. 
Table 8 also shows the percent of the original value for penetra-
tion, ductility and softening point. Comparison of these percentages 
reflects the ability of each asphalt to resist change due to exposure. 
When observing these values it should be remembered that NAC-4 
mixtures contained more asphalt and thus had a greater film thickness 
than did PAC-4 and PAC-5 .. Film thicknesses of the latter two may be 
assumed to be approximately equal. It will be seen that petroleum 
asphalts generally suffered a slightly smaller percentage loss of 
penetration than did the blended petroteum-·natural asphalt, a far 
greater loss of ductility, and a slightly greater increase in softening 
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point. Also it will be noted that asphalt from core specimens {exposed 
to traffic) tended to retain its properties far better than did that from 
roCllf specimens. 
Penetration, ductility, and softening point have been plotted 
against time in Figs. 13, 14, and 15, for both core and roof specimens. 
Points for these curves are not shown, but each curve adheres strictly 
to the test value for the original asphalt at 0-, 1-, and 5-year intervals. 
Since data were not available for 2-, 3-, and 4-year intervals, the 
validity of curves in this area is highly questionable, although it appears 
reasonable with respect to known values. The plotted points shown on 
these g:raphs pertain only to asphalts recovered from overheated mixtures. 
(l) Penetration. Fig. 13 shows graphically the changes in 
penetration with respect to time for each asphalt. For specimens ex-
posed on the roof, the curves are approximately parallel, with that of 
NAC-4 showing the fastest rate of decrease, but at all time intervals 
remaining between the curves for PAC-4 and PAC 0 "5, Due to the 
faster rate of decrease, NAC-4, which was approximately equal to 
PAC-5 initia11y, had become almost equal to PAC-4after 5 years. 
At 5 years PAC-4 had a penetration of 25 and NAC-4 a penetration of 
27. Neither value is dangerously low at this time interval and the 
present rate of decrease suggests that a value of 20 (considered brittle) 
will not be reached for several years. PAC~5 at 5 years had a rather 
safe value of 37 and the flatness of the curves suggl'sts that embrittle-
ment will not occur for many years. 
Curves for cored specimens generally fall above those for roGf 
specimen. The only exception to this tendency is NAC-4 at one year. 
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All values at five years are far higher for cored material. PAC-4 
shows a small increase (one point) while NAC-4 and PAC-5 show 
large increases which return the penetration near the value measured 
at zero time interval. Such a change is illogical unless some addi-
tion has been made to the asphalt, This is believed to have occurred as 
a result of oil dripping on the heavily traveled test section. Almost 
continuous oil slicks on the surface seem to substantiate this opinion. 
Overheated mixtures display hardening, with PAC-4 only 
slightly affected; while NAC-4 and PAC-5 demonstrated rather large 
and equal losses, Again, roof exposure was more severe than core 
exposure. After five years the effect of heat on all specimen is more 
apparent, especially with respect to cores - the more realistic ex-
posure. All three asphalts were much harder at this interval when 
overheated initially. 
(2) Ring and Ball Softening Eoint .. Fig, 14 presents changes 
in softening point with time for exposure on the roo£ and on the road, 
As before, only the original 0, l and 5 year positions of the curves are 
-valid points. Softening points - as do other tests - indicate the greater 
severity of roof exposure, Data pertaining to both normal and over-
heated mixtures reflect the same tendencies described for penetration 
and ductility, making further emphasis of these points unnecessary. 
(3) Ductility. Fig. 15 graphically presents ductility data from 
specimen exposed on the roof and in the roadway. Points are not 
plotted for the curves but positions of the curves at original, 0, 1, and 
5 years adhere strictly to the data. Again roadway material suffered 
- 25 ~ 
less loss of ductility than did roof samples, emphasizing the greater 
severity of roof exposure. Petroleum asphalts suffered a very high 
toss during mixing and very small losses thereafter, NAC-4 shows a 
questionable gain during mixing and relatively rapid and uniform 
decrease for the remainder of the test period. Cored specimens at 
the final test (5 year) showed NAC-4 to have a 41 ductility as compared 
to 21 for PAC-5 and 10 for PAC-4. 
High mixing temperature resulted in rather high loss of 
ductility in NAC-4, but with one exception the values remained higher 
than for petroleum asphalts mixed at normal temperature. PAC-4 
was not appreciably affected by overheating, while PAC-5 showed con-
siderable loss of ductility, but was not as greatly affected as NAC-4. 
Correlation of Test Results 
If test results pertaining to both mixtures and asphalts could 
be correlated with respect to type of exposure, the changes in their 
test properties could be predicted in advance and probable performance 
more accurately estimated. Toward this end, correlation of proper-
ties of naturally and artificially weathered specimens has been attempted. 
Since better control was exercised, and thus more dependable curves 
derived, the accelerated weathering tests are used as the basis for com-
parison. Properties compared are Marshall. Stability number, pene-
tration, ductility, and ring and ball softening point. Also penetration 
versus stability values were plotted to examine this relationship. 
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Correlation of Acc<;lerat~an<!_!i~:!'!:!al Weath':'ring With Respect 
to Marshall Stability Number,:, The curves plotted in Fig, 16 are those 
for stability versus cycles in the accelerated weathering test, Super-
imposed on these curves are stability values of natural weathered speci-
mens (roof exposure) at 1, 2, 3 and 5 years, The 3 and 5 year values 
of naturally weathered specimens containing PAC-4 were larger than the 
maximum value of accelerated weathered material and thus could not be 
plotted, 
Values for PAC-4 and NAC-4 at land 2 years agree closely, 
One year of natural exposure for PAC-4 was equivalent to 3 cycles of 
accelerated weathering and for NAC-4, 2, 3 cycles, The equivalent 
value for PAC·S at this period was 7, 6 cycles which is equal to the 2-year 
exposures for PAC-4 and NAC-4, At 5-years PAC-4 and PAC-5 agree 
closely, both having the equivalent value of 22 cycles of accelerated 
weathering, No value was aval.lable for PAC-,4 at this time interval 
but only at this period of natural exposure could the equivalent accelerat-
ed weathering be the same for both asphalts, In summary, there does 
not appear to be any definite correlation between stabilities of artificially 
and naturally weathered specimens, 
Correlation of Accelerated and Natural Weathering WithRespect 
to Penetration, Curves derived from accelerated weathering versus 
penetration for ea.ch of the three asphalts a.re plotted in Fig, 17, and 
data. from naturally weathered specimen superimposed, Both core 
and roof weathered specimens a.re included, Again there is fa.ir agree-
ment for PAC-4 a.nd NAC-4,with PAC-5 varying widely, Penetration 
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decreases with exposure for accelerated and roof weathered spe
cimens 
but cored sample_s either decreased with time or increased l:!ut s
tig}ltly' 
There appears to be no general correlation for all three asphalts
. 
Correlation o£ Accelerated and Natural Weathering with.Re.spect 
to Ring ;:md Ball Softenin,g_f'oint. The method of comparing data
, the 
same as used previou_sly, .is shown in Fig. 18. Ductilities show 
ag;ree-
ment only at one year roof expoJ3ure and vary at all other points.
 Thus 
no co;rrelation can be assumed to exist. 
Correlation of Accelerated and Natural Weathering with Respect
 
to Ductilit)I:O Curves showing possible correlation are shown in Fig" 19 .. 
These were prepa.red in the .same mannex as before. Roof and a
ccele-
rated weathering liPecime·ns show fa.ir agreement at 5 years. Bu
t 
again no correlation appears to exist with respect to all three a
s:phalts. 
C«J>rrelation of Marshall Stability Number and Penetration. Fig, 
20 
shows a plot of all specimens from which both stability .and pene
tration 
data were avaHable.. Thus points represent 1 and 5 year natural exposure
 
by two methods and accelerated exposures of 0, .2, 5, 10 and 25 
cycles. 
Materials mixed at both normal .and elevated temperatures are i
ncluded. 
The .sketched curve shows g9od ag;reernent of these prope>tie.s 
on a straig}lt line basis when only accelerated iind roof weathered J3peci-
mens are considered, All cored J3B.rnples are g;rouped well below
 the 
curve. This discrepancy is believed to result from irreg.l.llaritie
s of 
the specimens, which made stability test results highly qu«lstion
iible, 
Had these cores been of suitable .and uniform thickness they wou
ld have 
been expected to agree with other data. 
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Fig. 18: Correlation of Accelerated, Artificial and Natural Weathering
 
With Respect to Ductility. 
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Thus with respect to this particular aggregate and grading, the 
curve may be safely assumed to be represented by the straight line o
f 
this graph. This indiciates that neither asphalt type nor percentage 
of 
asphalt had any appreciable effect on this relationship. 
SUMMARY 
. 'this study was intended to compare thre·e asphalts ~ NAC~4, 
PAC-'\ and f'AC-5- on the basis of service performance of test p
ave-
ments containing only asphalt grade and type as variableJl. Judg
ment 
was tp be based on comparison of 1) changes in properties of the asphal.tfl, 
2) mixtures containing them, with respect to time of exposure, .and 3) 
the effects of mixing temperatures. 
Natural weathering in the pavement was employed, as well as 
two methods of laboratory weathering, to provide .a method of po
ssible 
correlation of field and laboratory weathering and thus to permit
 a 
more accurate means of pr·edicting fie.ld pedormance. Field mi
xed 
and compacted specimens were e:x:posed to natu.ral weathering on
 the 
labo.ratory roof for periodso£1, 2, 3 and 5 years. Others prepar
ed at 
the same time and by the same method were subjected to .accelerated 
weathering in a heated oxygen bath plus exposure inca Weatherom
eter. 
Comparisons of the asphalts- and mixture.s were complicated by 
variation in the asphalt content and thus by asphalt film thickne.ss
 of 
mixtures containing blended natural-petroleum and petroleum as
phalts. 
NAC-4.was u13ed in percentag~>s of 6, 75 and 7 .. 0 while mixes containing 
PAC~4 and PAC-5 received only 5. 5 percent. Laboratory desigp. te
13ts 
indicated very small differences in asphalt reqntrements for the 
given 
grading when asphalt type or grade was changed ~ in fact the optim
um 
requirements may be conaidered equal (5, 9 percent) for all asphalts 
under study. The differences in asphalt cont'i'nt and film thickne
ss had 
the primary effect of making exposures of petroleum asphalt mo
re 
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severe than .those of blended natural~petroleum asphalt. 
The findings 
in this study are, however, of considerable interest a
nd importance 
with respect to the changes that occurred in each a.sph
alt when expo.sed 
by the several methods, as well as for limited compl3
-rison of the three 
asphalts, if the variation in film thickness is borne in
 mind. 
Evaluation of Mixtures 
1. Accelerated weathering produced pronounced incre
ases in 
stabilitie.s of mixtures containing each of the asphalts.
 All showed 
rapid gl,l.ins for 10 cycles. NAC~4 and PAC~S continued to
 gain at 25 
cy.cle s but PAC- 4 showed no appreciable effect after 10 c
ycles. Roof 
weathered samples displayed the same tenden.cies exc
ept that PAC-4 
mixes also g~;~.ined stability for the full five year period. Stab
ility test 
values on cor.ed specimens were erratic and inconclus
ive, pdmarily 
because of the imperfection of the te.st pieces. In g?n
eral, stabilities 
of all laboratory specimens were very satisfactory, w
ith PAC-5 being 
the lowest and PAC"4 the highest. 
2. Flow values of all mixture.s were generally satisf
actory' 
Little change in value occurred until exposures l;>ecam
e extreme and 
flow increased. This chan,ge indicates a probable dec
rease in internal 
resistance after ·a certain point and reflects changes 
in the lubricating 
value of the asphaltic binders. 
3, Elevated mixing temperatures resulted in pronoun
ced 
increases in initial stabilities, but showed a decreasin
g ef!ect with 
increase in time. NAC~4 mixtures were the most seve
rely affected by 
this tre.atment. 
Evaluation of ,~SJ?h~ 
The effect of each weathering method on the three asphalts wa.s 
examined, with re.spect to the period and type of e.xposure. 
1. .Penetration of all three asphalts decreased most rapidly 
during mixing, with a slow rate of decrease thereafter, NAC~4 dis~ 
played the greatest percentage loss in penetration and PAC~4 the least. 
Effects were similar for material exposed to accelerated and to roof 
weathering. Asphalt exposed in the pavement showed very little change 
in penetration with time. This is believed to have been the r·eault of 
enrichment from oil drippings on the pavement. Overheating produced 
,a considerable drop in penetration of NA<;: ~4 at mo.st points ».nd had a 
·similar ·effect on PAC~5. No appreciable effects due to overheating were 
noted with PAC~4. 
z.. Ring and Ball Softening Point of aU a.sphalts increased 
rapidly during mixing and slowly thereafter. Elevated mixing tempera~ 
tures.cau!!ed further incr·eases in this value. The changl"s effected were 
s.imHar for all three asphalts. 
3. Petroleum asphalts showed very high loases in ductility 
during mixing, dropping to a value of approximately 10 and· decreaaing 
.slightly thereafter. NAC-4 showed no initial loss but decreased with 
increasing exposure, At all points this material showed far greater 
ductility than did petroleum asphalts. Elevated mixing temperatures 
had very little effect on the ductility of petroleum asphalts, but resulted 
in considerable ductility loss in NAC~4. This loss was severely reflect~ 
ed at 1 and 5 y~"ars for naturally exposed samples bu.t was not apparent 
at 25 cycles of accell"rated weathering, 
~ 31 ~ 
4, Roof exposure was in all cases mor.e
 severe in its effects 
than exposure in the pavement. Natural
 weathering .,.,ithout the benefit 
of traffic did not present a realistic or v
alid means of evaluating 
chang~s in paving ,asphalts. 
5, R1evated mixing temperatures were d
etrimental to atl three 
asphalts, with NACc4 and PAC-5 showing
 g;reater damage than PAC~4. 
Correlation of Findin~ 
1, Corre1a.tion of laboratory and field re
sults :was inconclusive 
and with but one exception no usable rela
tionship could be found. 
Mar shalt Stability numbers and penetra,ti
ons of laborato.ry specimens 
fell along a straight line, as expected, w
hen log penetration was plotted 
against .stability. The distribution of plo
tted points indicates no signi-
ficant differences attributable to differen
ces in asphalt type. 
z·. In view of the total findings, there ap
pear to be no great 
differences among the three asphalts wit
h respect to behavior in actual 
service on the roadway or under acceler
ated weathering conditions. 
